A good correlation (r = 094) was obtained between the DNA indices (DI) using flow cytometry and image analysis of nuclei cytospins extracted from paraffin wax embedded tumour sections. Some of the limitations and problems associated with image analysis which came to light included an unacceptably high coefficient of variation (CV) and a "left-shift" in the DI in most DNA histograms obtained when using image analysis of 5 jm sections. In contrast, the DNA histograms generated using image analysis of cytospun nuclei from paraffin wax blocks were of good quality and similar to those obtained using flow cytometry. Variability in Feulgen staining was common and an important source of error despite rigorous control of the staining technique. This could be ovecome by using internal controls such as fibroblasts rather than external controls (rat hepatocytes) to presence of a minority population of aneuploid tumour cells may also be masked when there is a preponderance of non-malignant cells in the sample, leading to potential errors in interpretation of DNA histograms obtained using flow cytometry.2 This has provoked increased interest in assessing DNA content using image analysis of Feulgen stained nuclei as direct visualisation of the tumour sample is possible and malignant cells may be preferentially selected for analysis thus giving greater specificity. The aim of this study was to determine whether DNA content could be determined accurately using image analysis and to correlate the findings with those of flow cytometric analysis.
Aneuploidy is recognised as a common feature of malignancy and there is growing evidence to indicate that ploidy is of prognostic importance in various tumour types. Flow cytometry has emerged as a powerful tool well suited for the rapid analysis of cellular DNA content and proliferative activity. Improvements in cell preparative and staining tech presence of a minority population of aneuploid tumour cells may also be masked when there is a preponderance of non-malignant cells in the sample, leading to potential errors in interpretation of DNA histograms obtained using flow cytometry.2 This has provoked increased interest in assessing DNA content using image analysis of Feulgen stained nuclei as direct visualisation of the tumour sample is possible and malignant cells may be preferentially selected for analysis thus giving greater specificity. The aim of this study was to determine whether DNA content could be determined accurately using image analysis and to correlate the findings with those of flow cytometric analysis.
Methods
Nuclear DNA content of 27 phaeochromocytomas was measured using image analysis of 5 jgm sections and cytospin preparations of nuclei extracted from 30 gm sections of paraffin wax embedded tissue blocks. Cytospins were also prepared from tissue blocks of 46 ovarian carcinomas that had been analysed previously using flow cytometry,3 and the DNA content was measured by image analysis.
Slides stained with haematoxylin and eosin from the phaeochromocytomas were reviewed and representative sections with minimal haemorrhage or necrosis were chosen. Three 5 gm and two 30 gm sections were then cut contiguously from the blocks corresponding to the best sections. One of the 5 ,um sections was stained with haematoxylin and eosin to review the histological analysis.
One 5 jgm and two 30 ,um sections were cut from the same tissue blocks of the ovarian carcinomas that had been used for flow cytometry: the 5 gm section was used as a record of the tissue analysed.
The cytospins were prepared from nuclear suspensions obtained from the 30 ,um sections using the method of Hedley et al. ' Briefly, 30 ,um sections were placed in 10 ml glass centrifuge tubes and dewaxed using two changes of Histoclear (3 ml for 10 minutes at room temperature, then centrifuged for 10 minutes at 2000 rpm). Rehydration was then carried out by sequential immersion in 100%, 95%, 70%, and 50% ethanol. The sections were then washed once in distilled water and once in 0 9% sodium chloride, minced with scissors while under water, and resuspended in 1 ml 0 5% pepsin in 0 9% sodium chloride adjusted to pH 1 The coefficients of variation of the DI modal peaks of the 5 ,um sections and cytospins of the phaeochromocytomas were compared using the t-test, with percentage points for a two-tailed distribution. 4 of the nucleus which is measured, and thus the distribution of DNA values around the modal value becomes skewed to the left. This is especially important in the study of tumours such as phaeochromocytomas because of their pleomorphic nature, with some cells being well over 20 gm in diameter.14-6
The use of the cytospin preparation overcomes this limitation ofimage analysis, and also permits the measurement of the DNA content of morphologically identified whole cells.'7 A further advantage over flow cytometry is that damaged nuclei and other debris can be ignored, thus reducing "background noise" and often making it easier to determine the DI using image analysis rather than with flow cytometry. '8 This study has shown that the cytospin technique correlates well with flow cytometry, with r = 0 94. This agrees with the findings of previous studies, which show a very high correlation, with r > 0;95.4 1819 In one study using archival specimens of ovarian carcinoma a combination of flow cytometry and image analysis was shown to be the strongest prognostic indicator, with these two methods being complementary for the study of DNA ploidy abnormalities.20 These methods could be used to complement each other in future studies.
It has also clearly shown the superiority of the cytospin technique when compared with the use of 5 pm sections for image analysis. The skewing of the DNA histogram referred to above is clearly seen in the comparison of the results from the cytospin and 5 pm sections of the phaeochromocytomas. In all but-three of the cases the DI ofthe cytospin was higher than the DI of the 5 pm section, with this "leftshift" resulting in eight tumours which had tetraploid histograms in the cytospins being classified as aneuploid in the 5 pm sections.
A comparison of image analysis and flow cytometry using the cytospin preparation of phaeochromocytomas was not performed because the results from the ovarian tumours had previously shown such a high degree of correlation between these methods.
The superiority of the cytospin technique was also shown by the difference in CVs between the methods-the average CV obtained in the cytospin preparations was 5 9%, compared with 13-6% in the 5 pm sections (p < 0(001). The low CVs found in this study agree with those previously reported using this technique.'72' The greater accuracy allowed the resolution of three aneuploid peaks with DIs around 12 which were included in the diploid peaks in the slide histograms.
The combination of the "left-shift" and the difference in the CVs shows that the cytospin technique is more accurate than 5 pm sections in determining the DNA content of cells. In some of the 5 pm sections the coefficient of variation for the tumours was so high and the shape of the histogram was such that the value obtained as the DI is almost meaningless.
This study also highlights some of the problems associated with the technique of image analysis and emphasises the importance of using internal controls to determine the diploid DI in image analysis.
There are a large number of factors which need to be rigorously controlled in the staining technique to ensure reliable results in image analysis. These have previously been reviewed, and include the hydrolysis time, the pH, temperature, age ofthe Schiff reagent, the purity of the pararosaniline dye used, and the type of fixative.22 If these are not standardised they can also produce high CVs.
The 5 pm sections and the cytospin preparations in this study were stained in four groups, and despite rigorous control of the staining technique a variation in the staining was noted between them. Although most of the diploid peaks occurred in the same position, there was a variation of almost fourfold between the lowest and the highest values of the diploid peak in absolute units.
This variability in staining has also been reported in the staining of archival specimens with fluorescent dyes for flow cytometry, and thus is presumably due to either the method of fixation or the age of the tissue block. ' The inaccuracy produced by this variability was corrected by measuring the DNA content of fibroblast nuclei in the same 5 pm section or cytospin, and using this value as the diploid DI. The DNA content of the tumour was then compared with this value. The lymphocytes that were measured were often pyknotic and saturated the screen image of the cell, and this may also result in inaccuracies in the diploid DI. Thus fibroblasts, where the nuclear material was more dispersed as in the tumours, were preferred as the diploid control.
In conclusion, image analysis using the cytospin preparation can be used to analyse paraffin wax embedded tissue accurately, and correlates well with values obtained by flow cytometry. There are, however, several potential problems with image analysis of paraffin wax embedded tumours which must be recognised and avoided to permit accurate assessment of tumour ploidy. 
